A new mathematical equation is introduced in this paper:
Introduction
Many growth equations have been used for many years in the life sciences to provide a mathematical summary of time-course data on growth of organisms, organs or tissues (Parks 1982 , Banks 1994 , France et al. 1996 , Bazjer et al. 1997 . The logistic function (Verhulst 1838 , Robertson 1908 ) is one of the most classic growth models. Its major advantages are mathematical simplicity and apparent biological interpretation. It has played a central role in many aspects of theoretical and applied ecology (Krebs 1996) .
Although the logistic equation has been extensively used in a wide range of ecological situations, its theoretical assumptions are too simple and open to much criticism (Maynard Smith 1974, Cui and Lawson 1982a) . In reality, the relationship between the relative growth rate dWKWdt) and size Wis not necessarily linear (Cui Table 1 . The expressions of some commonly applied growth models. Parameters s and f denote the initial and the upper asympotic size respectively, k is the growth coefficient. Other parameters may have different biological interpretations.
Model
Expression References
Spillman and Lang 1924 Gompertz 1825 Bertalanffy 1957 , Gille and Salomon 1995 Verhulst 1838 , Robertson 1908 Richards 1959 Gille and Salomon 1995 and Lawson 1982a . For this reason, the logistic model fails to fit somatic growth data satisfactorily in some cases (Ricklefs 1968 , Cui and Lawson 1982a , Jolicoeur et al. 1992a , b, Wan et al. 1998b . In order to enable it to fit data sets better, many attempts have been made to construct a generalized form of ordinary 3-parameter logistic equation by various authors (Richards 1959 , Cui and Lawson 1982a , Jolicoeur and Pontier 1989 , Jolicoeur et al. 1992b , Wan et al. 1998a ).
The present paper considers a new generalized form of the ordinary logistic equation. In order to evaluate the appropriateness of this new equation, we used several commonly applied growth models, viz: the logistic, Gompertz, Bertalanffy, Spillman, Richards, Janoschek, and the present one to fit 12 sets of somatic growth data of mammalian species. The expressions of these growth models are presented in Table 1 .
Mathematical properties of the new model
The new model gives:
Substituting t = 0 in equation (1) yields W = s, and setting t -» oo gets W = f. Thus, parameters s and / are easily to define as birth size and mature size, respectively. Parameter k is the so-called growth coefficient. The first and second derivative functions can be obtained by differentiate equation (1) with respect to time t. The results are:
Setting the second derivative --equals to zero yields the POI (point of dt inflexion) of time t':
Substituting t = t' into equation (1) yields the POI of size W:
Unlike the ordinary 3-parameter logistic equation which has a fixed value of POI located at f/2, this new model possesses a unfixed value of POI according to its In addition, at the point of inflexion, the degree of maturation gives:
Thus, parameter b is a shape parameter, controlling the shape of the growth curve and adjusting the degree of maturation when growth rate peaks.
Returning to the analysis, the inverse function of equation (1) gives:
Substituting equation (7) into equation (2) yields:
From equation (8) we can conclude that the first derivative of the new model is essentially a general parabolic function. In a special case as b = 1, equation (8) reduces to:
Clearly, the new model is essentially a four-parameter, generalized logistic equation The inverse measure of growth rate, namely ¿iq_9o> which represents the time required for growth between 10 to 90% of the asymptote (Ricklefs 1968) , can be derived as follows. Substituting W = 0.1/ and W = 0.9/ into equation (7) 
.
Difference between the new model and the Richards equation
Among the earlier literature, one of the most famous 4-parameter generalized logistic equations is the Richards equation (Table 1) . Its first derivative function (Richards 1959, McCallum and Dixon 1990) gives:
dt where I, m, n are constants. In a special case as n = 2, equation (14) reduces to the ordinary logistic model. Nevertheless, comparing equation (8) with equation (14), we easily see that the Richards equation and the new one are quite different in their mathematical foundations.
Evaluation of growth model fits with observations
In order to compare the fits of this new equation with commonly applied ones, we used 12 sets of observations in data analysis. Data sets refer to the following measurements: Nos 1-2 -body mass of male and female plateau pika, respectively (Zhou et al. 1987) ; No. 3 -body mass of the Brandt vole (Wan et al. 1998a) ; No. 4 -body mass of mouse (Koops 1986) ; No. 5 -body mass of rabbit (Koops 1986 ); Nos 6-8 -growth data (body mass, brain mass, body length) of white rat (Jolicoeur and Pirlot 1988) ; Nos 9-10 -body mass and body length of Fujian cattle (Liang et al. 1995) ; No. 11 -body length of brown bear (Zhu andXia 1991) ; No. 12 -body mass growth data of 27 male striped hamsters Cricetulus barabensis, measured on repeated occasions (this study).
All of models were used to fit each data set. All of the parameters were obtained thrcugh the least squares method (Jolicoeur 1999) . The values of R" (the percent variation accounted for, indicating the proportion of the variation explained) and RSS (residual sum of squares) were used to evaluate the fit of each model. The statistical program STATISTICA Release 4.5A (1993) was used in parameter simulating procedures. The results are presented in Tables 2-3 
Discussion
In the logistic hypothesis, the maximum velocity occurs at //2 , which is not necessarily the truth. A lot of authors have revealed that in many species the peak growth rate does not occur at exactly half equilibrium (Ricklefs 1968 , Cui and Lawson 1982a , Wan et al. 1998b . In these cases, the ordinary logistic equation may fail to give a suitable fit to the relevant data set. One the contrary, with its additional fourth parameter b, the new generalization possesses an unfixed value of POI located at the point W = /(I ), which enables it to possess more flexibility 2b for describing diverse growth patterns than the ordinary logistic equation.
The values of RSS are used to evaluate the fit of these models. The smaller a RSS value is, the better a model fit to a data set. In many cases, adding more parameters to a model always improves the goodness of fit. Therefore 4-parameter models usually yield better fits than 3-parameter ones (Gille and Salomon 1995, Wan et al. 1998a) . From Table 3 we can see that the Richards, Janoschek and the new model usually yield lower values of RSS and higher values of R than the logistic, Spillman, Bertalanffy, and Gompertz equations.
Based on the numerical results presented in Table 3 , the new model yields the least RSS for rabbit body mass (No. 5), cattle body mass (No. 9), cattle body length (No. 10), and brown bear body length (No. 11). The new model yields better fits than the logistic, Gompertz, Bertalanffy, Spillman, Richards, and Janoschek models in 12, 11, 9, 12, 4, and 7 out of 12 cases, respectively. According to the total of rank values given in Table 3 , the new model yields the second best fit among these growth functions, indicating that the new model has excellent fits to diverse mammalian somatic growth courses and therefore should be considered by data analysts.
